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TRICK MODES FOR COMPRESSED WIDEO 
STREAMS 

FIELD OF THE INVENTION 

0001. The present invention is generally related to trick 
modes, and more particularly related to trick modes for 
compressed Video Streams. 

BACKGROUND OF THE INVENTION 

0002 Digital video compression methods work by 
exploiting data redundancy in a Video sequence (i.e., a 
Sequence of digitized pictures). There are two types of 
redundancies exploited in a Video Sequence, namely, Spatial 
and temporal, as is the case in existing video coding Stan 
dards. A description of these Standards can be found in the 
following publications, which are hereby incorporated 
herein by reference: (1) ISO/IEC International Standard IS 
11172-2, “Information technology-Coding of moving pic 
tures and associated audio for digital Storage media at up to 
about 1.5 Mbits/s-Part 2: video,” 1993; (2) ITU-T Rec 
ommendation H-262 (1996): “Generic coding of moving 
pictures and associated audio information: Video.” (ISO/ 
IEC 13818-2); (3) ITU-T Recommendation H.261 (1993): 
“Video codec for audiovisual services at px64 kbits/s”; (4) 
Draft ITU-T Recommendation H.263 (1995): “Video codec 
for low bitrate communications.” 

0.003 Compressed video streams typically include inde 
pendent and dependent frames. An independent frame is a 
frame that is coded using information only from itself 
whereas a dependent frame is a frame that is coded using 
information from one or more other frames. An example of 
an independent frame is an Intra frame (I-frame). I-frames 
are compressed by exploiting the internal Spatial redundancy 
of each macroblock independently of reference pictures. The 
first picture of a picture Sequence is typically, but not 
necessarily, an I-frame. Examples of dependent frames are 
Predictive frames (P-frames) and bi-directional frames 
(B-frames). P-frames are pictures in which macroblocks can 
be compressed by predicting their value from a past refer 
ence picture. A past reference picture is a picture, either an 
I or another P-frame that is to be displayed prior to the 
current picture. B-frames are pictures in which macroblockS 
can be compressed by predicting their value from a past 
reference picture and a future reference picture. A future 
reference picture is a picture, either an I or another P-frame 
that is to be displayed after to the current picture. 
0004. A compressed video stream may be used to provide 
trick modes Such as, for example, fast-forward playback and 
reverse playback. Providing trick modes for a compressed 
Video stream has traditionally required the presence of 
I-frames in the video stream. For example, U.S. Pat. No. 
6,057,832 (Lev et al.) discloses one method whereby 
MPEG-2 stream containing I-frames may be used to provide 
trick mode functionality. However, some MPEG-2 streams 
such as for example, HITS (Headend In The Sky) streams, 
do not contain I-frames or a typical grouping of pictures and 
are therefore incapable of providing multiple playback 
modes using traditional methods. Therefore, there exists a 
need for Systems and methods for providing trick mode 
functionality in connection with compressed Video streams 
that do not include a certain type of frames. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0005 Embodiments of the invention can be better under 
stood with reference to the following drawings. The com 
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ponents in the drawings are not necessarily drawn to Scale, 
emphasis instead being placed upon clearly illustrating the 
principles of the present invention. In the drawings, like 
reference numerals designate corresponding parts through 
out the several views. 

0006 FIG. 1 is a high-level block diagram depicting a 
non-limiting example of a Subscriber television System. 
0007 FIG. 2 is a block diagram of a DHCT in accor 
dance with one embodiment of the present invention. 
0008 FIG. 3 is a flow chart depicting a non-limiting 
example of a method for providing trick mode functionality 
that is implemented by the DHCT depicted in FIG. 2. 
0009 FIG. 4 is a flow chart depicting a non-limiting 
example of a method for providing trick mode functionality 
that is implemented by the DHCT depicted in FIG. 2. 
0010 FIG. 5 is a flow chart depicting a non-limiting 
example of a method for providing trick mode functionality 
that is implemented by the DHCT depicted in FIG. 2. 
0011 FIG. 6 is a flow chart depicting a non-limiting 
example of a method for providing trick mode functionality 
that is implemented by the DHCT depicted in FIG. 2. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0012. The present invention now will be described more 
fully hereinafter with reference to the accompanying draw 
ings, in which preferred embodiments of the invention are 
shown. This invention may, however, be embodied in many 
different forms and should not be construed as limited to the 
embodiments, examples and implementations Set forth 
herein. Rather, these non-limiting embodiments, examples 
and implementations are provided So that this disclosure will 
include at least Some of the large Scope of the present 
invention. 

0013 FIG. 1 is a block diagram depicting a non-limiting 
example of a subscriber television system (STS) 100. In this 
example, the STS 100 includes a headend 110 and a DHCT 
200 that are coupled via a network 130. The DHCT 200 is 
typically situated at a user's residence or place of business 
and may be a Stand-alone unit or integrated into another 
device Such as, for example, the display device 140 or a 
personal computer (not shown). The DHCT 200 receives 
Signals (video, audio and/or other data) including, for 
example, MPEG-2 Streams, among others, from the headend 
110 through the network 130 and provides any reverse 
information to the headend 110 through the network 130. 
The network 130 may be any suitable means for communi 
cating television Services data including, for example, a 
cable television network or a Satellite television network, 
among others. The headend 110 may include one or more 
Server devices (not shown) for providing video, audio, and 
textual data to client devices Such as DHCT 200. The 
headend 110 and the DHCT 200 cooperate to provide a user 
with television functionality including, for example, televi 
Sion programs, an interactive program guide (IPG), and/or 
video-on-demand (VOD) presentations. The television ser 
vices are provided via the display device 140 which is 
typically a television set. However, the display device 140 
may also be any other device capable of displaying video 
images including, for example, a computer monitor. 
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0.014 FIG. 2 is a block diagram illustrating selected 
components of a DHCT200 in accordance with one embodi 
ment of the present invention. It will be understood that the 
DHCT200 shown in FIG.2 is merely illustrative and should 
not be construed as implying any limitations upon the Scope 
of the preferred embodiments of the invention. For example, 
in another embodiment, the DHCT 200 may have fewer, 
additional, and/or different components than illustrated in 
FIG. 2. A DHCT 200 is typically situated at a user's 
residence or place of busineSS and may be a Stand alone unit 
or integrated into another device Such as, for example, a 
television set or a personal computer. The DHCT 200 
preferably includes a communications interface 242 for 
receiving Signals (video, audio and/or other data) from the 
headend 110 through the network 130 (FIG. 1) and for 
providing any reverse information to the headend 110. 
0015 The DHCT 200 further preferably includes at least 
one processor 244 for controlling operations of the DHCT 
200, an output system 248 for driving the television display 
140, and a tuner system 245 for tuning to a particular 
television channel or frequency and for Sending and receiv 
ing various types of data to/from the headend 110. The 
DHCT 200 may, in another embodiment, include multiple 
tuners for receiving downloaded (or transmitted) data. Tuner 
System 245 can Select from a plurality of transmission 
signals provided by the subscriber television system 100. 
Tuner system 245 enables the DHCT 200 to tune to down 
Stream media and data transmissions, thereby allowing a 
user to receive digital or analog media content via the 
subscriber television system. The tuner system 245 includes, 
in one implementation, an out-of-band tuner for bi-direc 
tional quadrature phase shift keying (QPSK) data commu 
nication and a quadrature amplitude modulation (QAM) 
tuner (in band) for receiving television signals. Additionally, 
a receiver 246 receives externally-generated user inputs or 
commands from an input device Such as, for example, a 
remote control. 

0016. The DHCT 200 may include one or more wireless 
or wired interfaces, also called communication ports 274, for 
receiving and/or transmitting data to other devices. For 
instance, the DHCT 200 may feature USB (Universal Serial 
Bus), Ethernet, IEEE-1394, serial, and/or parallel ports, etc. 
DHCT 200 may also include an analog video input port for 
receiving analog video signals. User input may be provided 
via an input device Such as, for example, a hand-held remote 
control device or a keyboard. 
0017. The DHCT 200 includes signal processing system 
214, which comprises a demodulating System 213 and a 
transport demultiplexing and parsing System 215 (herein 
demultiplexing System) for processing broadcast media con 
tent and/or data. One or more of the components of the 
Signal processing System 214 can be implemented with 
Software, a combination of Software and hardware, or pref 
erably in hardware. Demodulating System 213 comprises 
functionality for demodulating analog or digital transmis 
Sion Signals. For instance, demodulating System 213 can 
demodulate a digital transmission Signal in a carrier fre 
quency that was modulated, among others, as a QAM 
modulated Signal. When tuned to a carrier frequency corre 
sponding to an analog TV signal, demultiplexing System 215 
is bypassed and the demodulated analog TV signal that is 
output by demodulating System 213 is instead routed to 
analog video decoder 216. Analog video decoder 216 con 

Jul. 3, 2003 

verts the analog TV signal into a Sequence of digitized 
pictures and their respective digitized audio. Digitized pic 
tures and respective audio output by analog video decoder 
216 are presented at the input of compression engine 217. 

0018 Compression engine 217 processes the sequence of 
digitized pictures and digitized audio and converts them into 
compressed Video and audio Streams, respectively. The 
compressed Video and audio Streams are produced in accor 
dance with the Syntax and Semantics of a designated audio 
and Video coding method, Such as, for example, MPEG-2, So 
that they can be interpreted by video decoder 223 and audio 
decoder 225 for decompression and reconstruction at a 
future time. Each compressed Stream consists of a Sequence 
of data packets containing a header and a payload. Each 
header contains a unique packet identification code, or PID, 
asSociated with the respective compressed Stream. 

0019 Compression engine 217 multiplexes the audio and 
Video compressed Streams into a transport Stream, Such as an 
MPEG-2 transport stream. Furthermore, compression 
engine 217 can preferably compress audio and Video corre 
sponding to more than one program in parallel (e.g., two 
tuned analog TV signals when DHCT 200 has multiple 
tuners) and to multiplex the respective audio and video 
compressed Streams into a Single transport Stream. Output of 
compressed Streams and/or transport Streams produced by 
compression engine 217 is input to Signal processing System 
214. Parsing capabilities 215 within signal processing 214 
allow for interpretation of Sequence and picture headers, and 
in a preferred embodiment, annotating their locations within 
their respective compressed Stream as well as other useful 
information for future retrieval from storage device 273, as 
described below. A compressed analog video stream (e.g., 
corresponding to a TV program episode or Show) that is 
received via a tuned analog transmission channel can be 
output as a transport Stream by Signal processing 214 and 
presented as input for Storage in Storage device 273 via 
interface 275. The packetized compressed streams can be 
also output by Signal processing 214 and presented as input 
to media engine 222 for decompression by Video decoder 
223 and audio decoder 225 for subsequent output to the 
display device 140 (FIG. 1). 
0020 Demultiplexing system 215 can include MPEG-2 
transport demultiplexing. When tuned to carrier frequencies 
carrying a digital transmission signal, demultiplexing Sys 
tem 215 enables the Separation of packets of data, corre 
sponding to the desired video Streams, for further proceSS 
ing. Concurrently, demultiplexing System 215 precludes 
further processing of packets in the multiplexed transport 
Stream that are irrelevant or not desired Such as, for example, 
packets of data corresponding to other Video Streams. 
0021. The components of signal processing system 214 
are preferably capable of QAM demodulation, forward error 
correction, demultiplexing MPEG-2 transport Streams, and 
parsing packetized elementary Streams and elementary 
Streams. The Signal processing System 214 further commu 
nicates with processor 244 via interrupt and messaging 
capabilities of DHCT 200. The processor 244 annotates the 
location of pictures within the compressed Stream as well as 
other pertinent information. The annotations by the proces 
Sor 244 enable normal playback or other playback modes of 
the Stored compressed Stream of the respective compressed 
Stream. 
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0022. A compressed video stream corresponding to a 
tuned carrier frequency carrying a digital transmission signal 
can be output as a transport Stream by Signal processing 214 
and presented as input for Storage in Storage device 273 via 
interface 275. The packetized compressed streams can be 
also output by Signal processing System 214 and presented 
as input to media engine 222 for decompression by the Video 
decoder 223 and audio decoder 225. 

0023. One having ordinary skill in the art will appreciate 
that Signal processing System 214 may include other com 
ponents not shown, including memory, decryptors, Sam 
plers, digitizers (e.g. analog-to-digital converters), and mul 
tiplexers, among others. Further, other embodiments will be 
understood, by those having ordinary skill in the art, to be 
within the scope of the preferred embodiments of the present 
invention. For example, analog signals (e.g., NTSC) may 
bypass one or more elements of the Signal processing System 
214 and may be forwarded directly to the output system 248. 
Outputs presented at corresponding next-stage inputs for the 
aforementioned Signal processing flow may be connected 
via accessible DRAM 252 in which an outputting device 
Stores the output data and from which an inputting device 
retrieves it. Outputting and inputting devices may include 
analog video decoder 216, compression engine 217, media 
engine 222, Signal processing System 214, and components 
or sub-components thereof. It will be understood by those 
having ordinary skill in the art that components of Signal 
processing System 214 can be spatially located in different 
areas of the DHCT 200. 

0024 Parser 215 parses (i.e., reads and interprets) com 
pressed Streams to interpret Sequence headers and picture 
headers, and deposits a transport Stream carrying com 
pressed streams into DRAM 252. Processor 244 causes the 
transport stream to be transferred from DRAM 252 to the 
storage device 273 via interface 275. Upon demultiplexing 
and parsing the transport Stream carrying one or more Video 
Streams, processor 244 interprets the data output by Signal 
processing System 214 and generates ancillary data in the 
form of a table or data Structure comprising the relative or 
absolute location of the beginning of certain pictures in the 
compressed video stream. Such ancillary data is used to 
facilitate the retrieval of desired video data during future 
operations. 

0.025 In one embodiment of the invention, a plurality of 
tunerS and respective demodulating Systems 213, demulti 
plexing Systems 215, and Signal processing Systems 214 
may simultaneously receive and process a plurality of 
respective broadcast digital video Streams. Alternatively, a 
Single demodulating System 213, a single demultiplexing 
System 215, and a Single Signal processing System 214, each 
with Sufficient processing capabilities may be used to pro 
ceSS a plurality of digital Video Streams. 

0026. In yet another embodiment, a first tuner in tuning 
System 245 receives an analog video signal corresponding to 
a first video Stream and a Second tuner Simultaneously 
receives a digital compressed Stream corresponding to a 
Second Video stream. The first Video Stream is converted into 
a digital format. The Second Video Stream and/or a com 
pressed digital version of the first Video Stream are routed to 
the hard disk 201 of storage device 273. Data annotations for 
each of the two streams are performed to facilitate future 
retrieval of the video streams from the storage device 273. 
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The first video Stream and/or the Second Video Stream may 
also be routed to media engine 222 for decoding and 
Subsequent presentation via display device 140 (FIG. 1). 
The first Video Stream may be routed to media engine 222 in 
either a digital or analog format. 
0027. In one implementation, compression engine 217 
can output formatted MPEG-2 or MPEG-1 packetized 
elementary Streams (PES) inside a transport Stream, all 
compliant to the syntax and semantics of the ISO MPEG-2 
Standard. Alternatively, compression engine 217 can output 
other digital formats that are compliant to other Standards. 
The digital compressed Streams output by compression 
engine 217 corresponding to a first Video stream are routed 
to demultiplexing system 215. Demultiplexing system 215 
parses (i.e., reads and interprets) the transport stream gen 
erated by compression engine 217 without disturbing its 
content and deposits the transport stream into DRAM 252. 
Processor 244 causes transport stream in DRAM 252 to be 
transferred to the storage device 273. In a preferred embodi 
ment, while parsing the transport Stream, demultiplexing 
system 215 outputs to DRAM 252 ancillary data in the form 
of a table or data Structure comprising the relative or 
absolute location of the beginning of certain pictures in the 
compressed media content Stream for the first Video Stream 
for facilitating retrieval during future operations. In this way, 
random acceSS operations Such as fast forward, rewind, and 
jumping to a location in the compressed Video Stream can be 
attained. Additional pertinent data is also written in the 
tables, as described below 
0028. A plurality of compression engines 217 maybe 
used to Simultaneously compress a plurality of analog video 
Streams. Alternatively, a single compression engine 217 with 
Sufficient processing capabilities may be used to compress a 
plurality of analog video Streams. Compressed digital ver 
Sions of respective analog video Streams may be routed to 
the hard disk 201 of storage device 273. Data annotations for 
each of the Video Streams may be performed to facilitate 
future retrieval of the Video Streams from the Storage device 
273. Depending on requirements in effect at an instance of 
time, only a Subset of the total number of compressed digital 
Video signals may be routed to the Storage device 273. Any 
of the received Video Streams can also be routed Simulta 
neously to media engine 222 for decoding and Subsequent 
presentation via display device 140. 
0029. The DHCT 200 includes at least one storage device 
273 for storing video streams received by the DHCT 200. A 
PVR application 277, in cooperation with the operating 
system 253 and the device driver 211, effects, among other 
functions, read and/or write operations to the Storage device 
273. Herein, references to write and/or read operations to the 
storage device 273 will be understood to mean operations to 
the medium or media of the storage device 273 unless 
indicated otherwise. The device driver 211 is a Software 
module preferably resident in the operating system 253. The 
device driver 211, under management of the operating 
System 253, communicates with the Storage device control 
ler 279 to provide the operating instructions for the storage 
device 273. AS conventional device drivers and device 
controllers are well known to those of ordinary skill in the 
art, further discussion of the detailed working of each will 
not be described further here. Storage device 273 is prefer 
ably internal to DHCT 200, coupled to a common bus 205 
through a communication interface 275. The communication 
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interface 275 is preferably an integrated drive electronics 
(IDE) or small computer system interface (SCSI), although 
another interface such as, for example, IEEE-1394 or USB, 
among others, may be used. Alternatively, the Storage device 
273 can be externally connected to the DHCT 200 via a 
communication port 274. The communication port 274 may 
be, for example, an IEEE-1394, a USB, a SCSI, or an IDE. 
In one implementation, video streams are received in DHCT 
200 via communications interface 242 and stored in a 
temporary memory cache. The temporary memory cache 
may be a designated section of DRAM 252 or an indepen 
dent memory attached directly to communication interface 
242. The temporary cache is implemented and managed to 
enable media content transferS to Storage device 273. In one 
implementation, the fast access time and high data transfer 
rate characteristics of the Storage device 273 enable media 
content to be read from the temporary cache and written to 
storage device 273 in a sufficiently fast manner. Multiple 
Simultaneous data transfer operations may be implemented 
So that while data is being transferred from the temporary 
cache to Storage device 273, additional data may be received 
and Stored in the temporary cache. 
0.030. In addition to specifying a video stream and/or its 
asSociated compressed Streams, a request for retrieval and 
playback of a compressed Video presentation Stored in 
Storage device 273 Specifies information that includes the 
playback mode, direction of playback, entry point of play 
back with respect to the beginning of the compressed Video 
presentation, and playback Speed, if applicable. In addition, 
a request for retrieval and playback may also specify the 
duration of playback. AS a non-limiting example, the play 
back mode specified in a request may be normal-playback, 
fast-reverse-playback, fast-forward-playback, Slow-reverse 
playback, Slow-forward-playback, and pause-display. Play 
back Speed is applicable to playback modes other than 
normal playback and pause display and may be specified as 
a factor or proportion of the normal playback Speed. AS a 
non-limiting example, playback Speed Specification may be 
2x, 2x, 6.x, 10x or 15x for fast-forward or fast-reverse 
playback, where X means "times normal play Speed.” Like 
wise, /sx, /4x and /2x are non-limiting examples for the 
Speed Specification in request for Slow-forward or slow 
reverse playback. Direction of playback may be explicit in 
the playback mode or specified Separately as forward or 
reverse in the Specified request according to a predetermined 
format for a request's Specification. 
0031. The entry point for playback is relative to the 
beginning of the compressed Video presentation Stored in 
storage device 273 and may be specified in a number of 
different ways according to the predetermined format for a 
request's Specification. As a non-limiting example, the entry 
point in the request for which to Start playback may be 
Specified in relation to the beginning of the Video presenta 
tion as elapsed normal playback time, number of pictures, or 
number of certain types of pictures. 
0032. In response to a request for retrieval and playback 
of a compressed Stream for which the playback mode is 
“normal playback” or “pause-display” and for which the 
entry point is at the beginning of the compressed video 
Stream, processor 244 in communication generally with 
device driver 211 and storage device controller 279 and 
demultiplexing System 215 effects retrieval of compressed 
Video data, compressed audio data, and data Streams from 
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Storage device 273 that correspond to one or more video 
Streams Specified in request. Retrieved Streams are deposited 
in an output cache in Storage device 273, transferred to 
DRAM 252, and then processed for playback according to 
mechanisms that would be understood by those having 
ordinary skill in the art. In Some embodiments, the Video 
streams are retrieved and routed from the hard disk 201 to 
the digital video decoder 223 and digital audio decoder 225 
Simultaneously, and then further processed for Subsequent 
presentation via the display device 140. 
0033. In response to a request for retrieval and playback 
of a compressed Stream Stored in Storage device 273 for 
which the playback mode is not “normal playback” or 
“pause-display,” or for which the entry point is not at the 
beginning of the compressed Video Stream, processor 244 in 
communication generally with device driver 211 and Storage 
device controller 279 reads information in the respective 
entry in the index table 202 for the requested compressed 
Video Stream to retrieve annotation data from Storage device 
273 that correspond to the requested Video Streams Specified 
in request. Immediately thereafter under program control, 
processor 244 retrieves the program information file 203 
from Storage device 273 and interprets the program infor 
mation file to compute the entry point location for which to 
fulfill the Specified playback mode in the request. In a 
preferred embodiment of the invention, information pertain 
ing the characteristics of compressed Video Stream is con 
tained in program information file 203 and interpreted to 
fulfill the specified playback mode in the request. The 
requested playback mode is implemented by the processor 
244 based on the characteristics of the compressed data, the 
playback mode specified in the request, and the processing 
and computing capabilities of DHCT 200. Retrieved streams 
are deposited in an output cache in Storage device 273, 
transferred to DRAM 252, and then processed for playback 
by processor 244 under program control and in communi 
cation with Video decoder 223. AS a non-limiting example, 
video streams may retrieved and routed from the hard disk 
201 to the digital video decoder 223 and digital audio 
decoder 225 simultaneously, and then further processed for 
eventual presentation on a display device 140. 
0034 Storage device 273 is preferably a hard disk drive 
but may in an alternative embodiment be any type of 
magnetic, optical, or Semiconductor based Storage device. 
The storage device 273 preferably includes at least one hard 
disk 201 and a controller 279. The controller 279 receives 
operating instructions from the device driver 211 and imple 
ments those instructions to cause read and/or write opera 
tions to the hard disk 201. The operating system 253, in 
cooperation with the device driver 211, communicates with 
the storage device controller 279 to format the hard disk 201. 
0035) In one embodiment of the invention, the operating 
system 253, device driver 211, and controller 279 cooperate 
to create a file allocation table (FAT). The FAT204 is where 
the operating system 253 stores the information about the 
hard disk clusters and the files associated with those clusters. 
The operating system 253 can determine where a file's data 
is located by using the directory entry for the file and file 
allocation table (FAT) 204 entries. The directory entry gives 
information about a directory Such as its related files and 
subdirectories. AFAT entry describes the physical locations 
of data for a video stream file (i.e. the file that the video 
stream is written to on the hard disk 201). Similarly, the FAT 
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204 also keeps track of which clusters are free, or open, and 
thus available for use. When an application such as PVR 
application 277 creates (or extends) a video stream file, the 
operating System 253, in cooperation with the device driver 
211, queries the FAT 204 for an available cluster to begin 
Writing the Video Stream. As a non-limiting example, to 
buffer a downloaded Video Stream into the Storage device 
273, the PVR application 277 creates a video stream file and 
video stream file name for the video stream to be down 
loaded. The operating System 253, in cooperation with the 
device driver 211, checks the FAT 204 for an available, or 
writable, cluster to write the video stream to. The PVR 
application 277 effects the device driver 211, through com 
munication with the operating System 253, to cause the 
controller 279 to write the downloaded video stream to the 
available cluster under a particular video stream file name. 
The FAT204 is then updated with the new video stream file 
name corresponding to the available cluster. If the Video 
Stream requires more data Space than what the cluster can 
offer, the operating system 253 queries the FAT 204 for the 
location of another available cluster to continue writing the 
Video Stream to hard disk Space. Upon finding another 
cluster, the FAT 204 is updated to keep track of which 
clusters are linked to Store a particular video Stream under 
the given video Stream file name. 
0036) A multiplicity of clusters may be required to write 
a file corresponding to a compressed Video stream to hard 
disk 201. The clusters corresponding to one particular video 
Stream file may or may not be adjacent or contiguous 
clusters. The clusters corresponding to a particular video 
Stream file can be fragmented throughout the hard disk 
space. As described earlier, a file allocation table (FAT) 
keeps track of which clusters are employed to write a 
downloaded video stream to the hard disk 201. Further, 
Systems well known to those of ordinary skill in the art, Such 
as defragmentators, can be employed to cause the clusters 
asSociated with a particular Video Stream file to be contigu 
OUIS. 

0037. Input video streams may be received by the DHCT 
200 from different sources. For example, an input video 
Stream may be any of the following, among others: 

0038 1-Broadcast analog video signals that are 
received from a headend 110 via network 130 (FIG. 
1) and network communication interface 242. 

0039 2-Analog video signals that are received 
from a consumer electronics device (e.g., an analog 
Video camcorder) via analog audio and Video con 
nectors (not shown) Such as, for example, S-Video 
input or composite Video input. 

0040. 3-Anon-demand digital video stream that is 
received via network 130 (FIG. 1) and network 
communication interface 242. 

0041 4-A digital video stream that is received 
from a digital consumer electronic device (Such as a 
personal computer or a digital video camcorder) via 
a digital Video interface or a home network interface 
Such as USB, IEEE-1394 or Ethernet. 

0042 5-A digital video stream that is received 
from an externally connected Storage device (e.g., a 
DVD player) via a digital video interface or a 
communication interface Such as IDE, SCSI, USB, 
IEEE-1394 or Ethernet. 
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0043. The PVR application 277 provides a user interface 
that assists the user in navigating to, and between Screens for 
Selection and retrieval of previously Stored compressed 
Video data. The user interface may provide Visual Status and 
progreSS feedback to the user. For instance, during a Slow 
reverse playback mode, the user interface may display an 
icon associated with reverse playback along with the Speed 
in effect, and the location of the currently displayed picture 
in relation to the beginning, end or both of the Video 
presentation. The PVR application 277 may also be used to 
initiate a trick mode operation for a video Stream that is 
stored in storage device 273. The PVR application 277 may 
be implemented in hardware, Software, firmware, or a com 
bination thereof. In a preferred embodiment, the PVR appli 
cation 277 is implemented in software or firmware that is 
stored in a DRAM 52 and that is executed by processor 244. 
The PVR application 277, which comprises an ordered 
listing of executable instructions for implementing logical 
functions, can be embodied in any computer-readable 
medium for use by or in connection with an instruction 
execution System, apparatus, or device, Such as a computer 
based System, processor-containing System, or other System 
that can fetch the instructions from the instruction execution 
System, apparatus, or device and execute the instructions. 
0044 FIG.3 depicts a non-limiting example of a method 
300 in accordance with one embodiment of the present 
invention. In step 301, the DHCT 200 receives an MPEG-2 
stream from the headend 110 (FIG. 1) and then, in step 302, 
stores it in hard disk 201. The MPEG-2 stream is made up 
of multiple picture Sequences wherein each picture sequence 
has a header. The beginning of each picture and picture 
sequence is determined by a start code. As the MPEG-2 
stream is being stored in hard disk 201, the processor 244 
creates a corresponding indeX table 202 as indicated in Step 
303. The index table 202 consists of elements that point to 
data in the hard disk 201 that define picture and Sequence 
boundaries in the MPEG-2 stream. The index table 202 
facilitates the delivery of Selected data to the media engine 
222. The index table 202 may include the following infor 
mation about the MPEG-2 stream: 

0045 a) The storage location of each of the 
Sequence headers. 

0046 b) The storage location of each picture start 
code. 

0047 c) The type of each picture (I, P, or B). 
0048 d) The real time of when each picture was 
Stored. 

0049. In addition to creating an index table 202, the 
processor 244 in Step 304 Stores program information related 
to the MPEG-2 stream in a program information file 203. 
The program information file 203 includes the packet iden 
tification codes (PIDs) contained in the MPEG-2 stream as 
well as a flag that represents whether the Stream contains 
I-frames. A determination as to whether the MPEG-2 stream 
contains I-frames may be made by inspecting a predeter 
mined number of picture Sequences; if no I-frame is found 
within the predetermined number of picture Sequences, then 
the flag is set to false. It should be noted that the steps 
301-304, or a subset thereof, may be performed substantially 
concurrently or in a different order than shown in FIG. 3. 
For example, the processor 244 may store data in the index 
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table 202 and the program information file 203 as the 
MPEG-2 stream is being stored in hard disk 201. 

0050 FIG. 4 is a flow chart depicting a non-limiting 
example of a method 400 in accordance with one embodi 
ment of the present invention. The method 400 is initiated in 
step 401 when the DHCT200 receives user input requesting 
trick mode functionality. The user input may be provided 
via, for example, a remote control device. After the method 
400 is initiated, the processor 244 determines the number of 
Sequential P-frames to be sent to media engine 222, as 
indicated in step 402. The number of sequential P-frames to 
be sent to media engine 222 is determined by the charac 
teristics of the corresponding MPEG-2 stream. As a non 
limiting example, the number of Sequential P-frames to be 
sent to media engine 222 may be 10. After the number of 
Sequential P-frames is determined, the processor 244 
retrieves in step 403 the determined number of sequential 
P-frames and sends them to media engine 222. The P-frames 
are retrieved by Selecting an element at the current program 
position from the indeX table that contains the Sequence 
header information. From the Sequence header element, the 
Sequence header location in memory is obtained. From this 
location in memory, the determined number of Sequential 
P-frames are retrieved and Sent to media engine 222. The 
index table is used to count the number of P-pictures. The 
processor 244 then determines in step 404 whether the 
requested trick mode is still active. If the trick mode is no 
longer active, then the method 400 terminates in step 405. 
However, if the trick mode is still active, then processor 244 
repeats step 403. 

0051. The number of picture sets that are sent to media 
engine 222 within a given time period is equal to the desired 
trick mode speed multiplied by the number of picture Sets 
that would need to be decoded in Such a time period to 
achieve a normal play mode. For example, if two picture Sets 
need to be decoded per Second to achieve a normal play 
mode, then to achieve a trick mode Speed that is twice as fast 
as a normal play mode Speed, 4 picture Sets corresponding 
to a 2 Second normal play period need to be Selected and Sent 
to media engine 222 per Second. Media engine 222 will then 
decode and display four picture Sets per Second to achieve 
the correct Speed. To Select the 4 picture Sets corresponding 
to a 2 Second normal play period, the time Stamp on the 
picture element is used. In a similar manner as described 
above 4.x, 6x or nxspeed can be achieved. For rewind mode, 
the procedure is Similar except that the picture Sets are 
Selected in the reverse direction. 

0.052 In one possible embodiment of the invention, the 
picture Sets that are Sent to the media engine 222 may 
overlap. For example, if we assume that each picture Set (PS) 
includes 5 P-frames, that 10 P-frames are decoded for each 
P-frame that is displayed, then the processor 244, in 
response to a request for a fast play mode, may send PS1 and 
PS2 to the media engine 222, followed by PS2 and PS3, 
followed by PS3 and PS4, etc (where the numerals refer to 
the relative Sequence of the picture Sets in a normal play 
mode). In this manner, the media engine 222 will output a 
decoded P-frame from PS2 after decoding PS1 and PS2 and 
then a decoded P-frame from PS3 after decoding PS2 and 
PS3, etc. In this example, the total number of picture sets 
that are Sent to media engine 222 within a given time period 
is equal to the desired trick mode speed multiplied by twice 
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the number of picture sets that would need to be decoded in 
Such a time period to achieve a normal play mode. 
0053. In another embodiment, the picture sets that are 
Sent to the media engine 222 may not all be contiguous. AS 
a non-limiting example, assuming the following hypotheti 
cal circumstances: a user requests a fast play Speed that is 
equal to six times (6x) the normal play Speed, the media 
engine 222 is only capable of decoding 30 frames per 
Second, the media engine 222 only decodes P-frames during 
fast play mode, the corresponding MPEG-2 stream includes 
2 B-frames for every P-frame (e.g., B, B, P, B, B, P, B, B, 
P, etc), and each picture Set is defined as including 5 
P-frames among 15 total frames, then the processor 244 may 
Send 2 picture Sets to the media engine 222 and then Skip 2 
picture Sets before Sending another 2 picture Sets. The 
processor 244 may, for example, Send the following picture 
Sets to the media engine 222 at the rate of 6 picture Sets per 
second: PS3, PS4, PS7, PS8, PS11, PS12, PS15, PS16, etc. 
Alternatively, the processor 244 may send 3 picture Sets to 
the media engine 222 and then Skip 3 picture Sets before 
Sending another 3 picture Sets. For example, the processor 
244 may send the following picture Sets to the media engine 
222 at the rate of 6 picture sets per second: PS4, PS5, PS6, 
PS10, PS11, PS12, PS16, PS17, PS18, etc. 

0054 When picture sets are created and sent to the 
decoder the corresponding data may become discontinuous. 
This discontinuity can confuse the media engine 222 result 
ing in erroneous decoding and undesirable artifacts on the 
Screen. To avoid this problem, Stuffing transport packets may 
be inserted where a picture set ends and a new picture set 
Starts. The Stuffing transport packets consist of payload data 
that are 0xff bytes. There may also be a need to inform the 
decoder of the beginning and end of a picture Set because the 
picture decoding is not synchronous with the data being Sent 
to the decoder. There can be many buffers between the 
Source and destination causing the process to be very 
asynchronous in nature. The discontinuity in the Stream is 
communicated to the decoder by inserting transport packets 
that have an elementary Stream payload consisting of 
“MPEG-2 user data”. A specific byte pattern is sent in the 
user data to communicate the end of a picture Set and the 
beginning of a new one. 
0055 FIG. 5 depicts a non-limiting example of a decod 
ing method 500 for providing trick mode functionality in 
accordance with one embodiment of the present invention. 
The method 500 is initiated in step 501 after the media 
engine 222 receives a Series of P-frames to be decoded and 
a message from the processor 244 instructing the media 
engine 222 to provide a trick mode operation. After the 
method 500 is initiated, the media engine 222 decodes in 
step 502 a first P-frame in the series of P-frames and 
determines in step 503 if the last P-frame in the series of 
P-frames has been decoded. If the last P-frame has not been 
decoded, the media engine 222 decodes the next P-frame in 
the series of P-frames, as indicated in step 504, and then 
returns to step 503 to determine if the last P-frame has been 
decoded. If the media engine determines in step 503 that the 
last P-frame in the series of P-frames has been decoded then 
the media engine outputs the last decoded P-frame a certain 
number of times, as indicated in step 505. The media engine 
222 then determines in step 506 if the trick mode operation 
is still active. If the trick mode operation is still active then 
the media engine returns to Step 502 and decodes a first 
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P-frame in another series of P-frames that is received from 
hard disk 201. If the trick mode operation is no longer active, 
then the method 500 terminates as indicated in step 507. 
Therefore, although each P-frame is incapable of indepen 
dently generating a complete picture, by decoding consecu 
tive P-frames each using the previous P-frame as an anchor, 
a complete picture is eventually created and displayed. 

0056. As a non-limiting example of the decoding method 
500, assume that an MPEG-2 stream includes the following 
frames: P1, B, B, P2, B, B, P3, B, B, P4, B, B, P5, B, B, P6, 
B, B, P7, B, B., P8, B, B, P9, B, B, P10, B, B, P11, B, B, P12, 
B, B, P13, B, B, P14, B, B, P15, B, B, P16, B, B, P17, B, 
B., P18, B, B, P19, B, B, P20, etc., where the numerals 
designate the relative display order of the P-frames in a 
normal play mode. Then, as a non-limiting example, if a fast 
play mode equal to three times (3x) the normal play speed 
is activated, and if the output rate is 30 pictures per Second, 
then frames P1-P10 are decoded; frame P10 is output 10 
times; frames P11-P20 are decoded; frame P20 is output 10 
times; frames P21-P30 are decoded; frame P30 is output 10 
times, and So on until the trick mode ends. For a fast reverse 
play speed of 3xthat is activated after frame P140 is dis 
played during normal play mode, then as a non-limiting 
example, frames P121-P130 are decoded; frame P130 is 
output 10 times, frames P111-P120 are decoded; frame P120 
is output 10 times; frames P101-P110 are decoded; frame 
P110 is output 10 times; and so on until the trick mode ends. 

0057. In an alternative embodiment, the series of frames 
that are decoded overlap So as to produce a Smoother picture. 
For example, assuming a 3xfast play mode, and assuming an 
output rate of 30 pictures per Second (pps), then frames 
P1-P10 are decoded; frame P10 is output 5 times; frames 
P6-P15 are decoded; frame P15 is output 5 times; frames 
P11-P20 are decoded; frame P20 is output 5 times; frames 
P16-P25 are decoded; frame P25 is output 5 times, and so on 
until the trick mode ends. For a fast reverse play Speed of 
3xthat is activated after frame P135 is displayed during 
normal play mode, then as a non-limiting example, frames 
P121-P130 are decoded; frame P130 is output 5 times, 
frames P116-P125 are decoded; frame P125 is output 5 
times; frames P111-P120 are decoded; frame P120 is output 
5 times, and So on until the trick mode ends. 

0.058. In yet another embodiment of the invention, the 
Series of frames that are decoded are not contiguous. For 
example, assuming a 6xfast play mode, a 30 pps output rate, 
and a maximum decoding rate of 30 pps, then frames 
P11-P20 are decoded; frame P20 is output 10 times; frames 
P31-P40 are decoded; frame P40 is output 10 times; frames 
P51-P60 are decoded; frame P60 is output 10 times, and so 
on until the trick mode is cancelled. For a fast reverse play 
speed of 6xthat is activated after frame P150 is displayed 
during normal play mode, then as a non-limiting example, 
frames P121-P130 are decoded; frame P130 is output 10 
times; frames P101-P110 are decoded; frame P110 is output 
10 times; frames P81-P90 are decoded; frame P90 is output 
10 times and So on until the trick mode ends. 

0059 FIG. 6 depicts a non-limiting example of a method 
600 for providing fast play functionality in accordance with 
one embodiment of the present invention. The method 600 
is initiated in step 601 after the media engine 222 receives 
Video data to be decoded and a message from the processor 
244 instructing the media engine 222 to provide a fast play 
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operation. After the method 600 is initiated, the media 
engine 222 decodes in step 602 a certain number of P-frames 
and then outputs in step 603 the final P-frame among the 
certain number of P-frames. The certain number of P-frames 
is preferably equal to the number of P-frames that need to be 
decoded in order to produce a P-frame of a desirable quality. 
The media engine 222 then decodes the next P-frame in step 
604 and displays the decoded P-frame in step 605. The 
media engine 222 then determines in step 606 if the trick 
mode operation is still active. If the trick mode operation is 
still active then the media engine returns to step 604 and 
decodes the next P-frame. If the trick mode operation is not 
longer active, then the method 600 terminates as indicated in 
step 607. 
0060. The blocks shown in FIGS. 3-6 represent modules, 
Segments, or portions of code which include one or more 
executable instructions for implementing Specific logical 
functions or Steps in a process. The functionality provided 
by each of the methods illustrated in FIGS. 3-6, can also be 
implemented through hardware (e.g., an application specific 
integrated circuit (ASIC) and Supporting circuitry). Each 
implementation may have a perceived advantage, however. 
For example, hardware enjoys a speed and, arguably, a 
reliability advantage over Software because hardware testing 
and verification methods are currently more advanced than 
Software verification methods. On the other hand, Software 
can be leSS expensive than customized hardware and offers 
greater flexibility in adding or modifying product features. 
0061 The functionality provided by each of the methods 
illustrated in FIGS. 3-6, can be embodied in any computer 
readable medium for use by or in connection with a com 
puter-related System or method. In this context of this 
document, a computer-readable medium is an electronic, 
magnetic, optical, Semiconductor, or other physical device 
or means that can contain or Store a computer program or 
data for use by or in connection with a computer-related 
System or method. Also, the computer program or data may 
be transferred to another computer-readable medium by any 
Suitable process Such as by Scanning the computer-readable 
medium. Thus, the computer-readable medium could be 
paper or other Suitable medium upon which the computer 
program can be printed, Scanned with an optical Scanner, and 
transferred into the computer's memory or Storage. 
0062. It should be emphasized that the above-described 
embodiments of the present invention, particularly any 
"preferred embodiments', are merely possible examples, 
among others, of the implementations, Setting forth a clear 
understanding of the principles of the invention. Many 
variations and modifications may be made to the above 
described embodiments of the invention without departing 
substantially from the principles of the invention. All such 
modifications and variations are intended to be included 
herein within the Scope of the disclosure and present inven 
tion and protected by the following claims. 

What is claimed is: 
1. A method for providing trick mode functionality, com 

prising: 

(a) storing a Video stream containing dependent frames in 
memory; 

(b) storing information related to the video stream in 
memory; 
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(c) receiving a request for a trick mode operation; 
(d) responsive to receiving the request for a trick mode 

operation, decoding a plurality of undecoded dependent 
frames corresponding to the Video stream to create a 
decoded frame; and 

(e) outputting the decoded frame. 
2. The method of claim 1, further comprising repeating 

Steps (d) and (e) until the trick mode operation is cancelled. 
3. The method of claim 1, further comprising determining 

whether the Video Stream includes independent frames. 
4. The method of claim 1, wherein the video stream does 

not include independent frames. 
5. The method of claim 4, wherein an independent frame 

is a frame that is coded using information only from itself. 
6. The method of claim 4, wherein an independent frame 

is an I-frame. 
7. The method of claim 1, wherein a dependent frame is 

a frame that is coded using information contained in another 
frame 

8. The method of claim 1, wherein the undecoded depen 
dent frames are P-frames. 

9. The method of claim 1, wherein the video stream is 
received from a headend. 

10. The method of claim 1, wherein the memory is a 
non-volatile memory. 

11. The method of claim 1, wherein the related informa 
tion comprises an index table. 

12. The method of claim 11, wherein the index table 
identifies Storage locations of respective Sequence headers. 

13. The method of claim 11, wherein the index table 
identifies Storage locations of respective frame Start codes. 

14. The method of claim 11, wherein the index table 
identifies frame types. 

15. The method of claim 11, wherein the index table 
identifies times of when respective frames were Stored. 

16. The method of claim 1, wherein the related informa 
tion identifies whether the video Stream contains I-frames. 

17. The method of claim 1, wherein the related informa 
tion comprises Packet identification codes (PIDs). 

18. The method of claim 1, wherein the plurality of 
Sequential undecoded dependent frames are determined 
based at least in part on a type of the Video Stream. 

19. The method of claim 1, wherein the decoded frame is 
output a plurality of times. 

20. The method of claim 19, wherein the plurality of times 
that the decoded frame is output is determined based at least 
in part on an output picture rate. 

21. The method of claim 19, wherein the plurality of times 
that the decoded frame is output is determined based at least 
in part on a Speed of the trick mode operation. 

22. The method of claim 19, wherein the plurality of times 
that the decoded frame is output is determined based at least 
in part on a ratio of P-frames to B-frames in the video 
Stream. 

23. The method of claim 19, wherein the plurality of times 
that the decoded frame is output is determined based at least 
in part on the plurality of Sequential undecoded dependent 
frames. 

24. The method of claim 1, wherein the trick mode 
operation is a fast play mode. 

25. The method of claim 1, wherein the trick mode 
operation is a rewind mode. 
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26. The method of claim 1, wherein a first tuner receives 
an analog video signal corresponding to a first Video stream 
and a Second tuner Simultaneously receives a digital com 
pressed Stream corresponding to a Second Video Stream; 
wherein the first Video Stream and the Second Video stream 
are annotated to facilitate future retrieval from memory; 
wherein the first Video Stream and the Second Video stream 
are Stored in memory; and wherein at least one of the first 
Video Stream and the Second Video stream is output to a 
display device. 

27. The method of claim 1, wherein an entry point for a 
trick mode operation is specified based on an elapsed normal 
playback time and/or a number of frames relative to a 
beginning of the Video Stream. 

28. The method of claim 1, wherein in response to the 
request, a processor reads information in an indeX table, 
retrieves annotation data that correspond to the Video 
Stream, and determines an entry point for fulfilling the trick 
mode request. 

29. A System for providing trick mode functionality, 
comprising: 
memory for Storing a Video Stream and information 

related to the Video Stream; 
determination logic configured to determine whether a 

request for a trick mode operation has been received in 
connection with the Video Stream; and 

decoding logic configured to decode a plurality of unde 
coded dependent frames corresponding to the Video 
Stream responsive to the determination logic determin 
ing that the request for the trick mode operation has 
been received; and 

output logic configured to output a decoded frame, 
wherein the decoded frame is created as a result of the 
decoding logic decoding the plurality of undecoded 
dependent frames. 

30. The system of claim 29, wherein the related informa 
tion comprises an indeX table. 

31. The system of claim 30, wherein the index table 
identifies Storage locations of respective Sequence headers. 

32. The system of claim 30, wherein the index table 
identifies Storage locations of respective frame Start codes. 

33. The system of claim 30, wherein the index table 
identifies frame types. 

34. The system of claim 30, wherein the index table 
identifies times of when respective frames were Stored. 

35. The system of claim 29, wherein the related informa 
tion identifies whether the Video Stream contains I-frames. 

36. The system of claim 29, wherein the related informa 
tion comprises Packet identification codes (PIDs). 

37. The system of claim 29, wherein the plurality of 
undecoded dependent frames are determined based at least 
in part on a type of the Video Stream. 

38. The system of claim 29, wherein a number of times 
that the decoded frame is output is determined based at least 
in part on an output picture rate. 

39. The system of claim 29, wherein a number of times 
that the decoded frame is output is determined based at least 
in part on a Speed of the trick mode operation. 

40. The system of claim 29, wherein a number of times 
that the decoded frame is output is determined based at least 
in part on a ratio of P-frames to B-frames in the video 
Stream. 
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41. The system of claim 29, wherein a number of times 
that the decoded frame is output is determined based at least 
in part on the plurality of undecoded dependent frames. 

42. The system of claim 29, wherein the trick mode 
operation is a fast play mode. 

43. The system of claim 29, wherein the trick mode 
operation is a rewind mode. 

44. The system of claim 29, wherein a first tuner receives 
an analog vide o signal corresponding to a first Video stream 
and a Second tuner Simultaneously receives a digital com 
pressed Stream corresponding to a Second Video Stream; 
wherein the first Video Stream and the Second Video Stream 
are annotated to facilitate future retrieval from memory; 
wherein the first Video Stream and the Second Video Stream 
are Stored in memory; and wherein at least one of the first 
Video Stream and the Second Video stream is output to a 
display device. 

45. The system of claim 29, wherein an entry point for a 
trick mode operation is specified based on an elapsed normal 
playback time and/or a number of frames relative to a 
beginning of the Video Stream. 

46. The system of claim 29, wherein in response to the 
request, a processor reads information in an indeX table, 
retrieves annotation data that correspond to the Video 
Stream, and determines an entry point for fulfilling the trick 
mode request. 

47. A method for providing trick mode functionality, 
comprising: 

receiving a Video Stream that does not include I-frames, 
Storing the Video stream in memory; 
Storing information related to the Video Stream in 
memory; 

receiving a request for a trick mode operation; 
decoding a plurality of undecoded dependent frames 

corresponding to the Video stream to create a decoded 
frame, 
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outputting the decoded frame a plurality of times, 
repeating the decoding and the outputting until the trick 
mode operation is cancelled; 

wherein the related information comprises an indeX table; 
wherein the indeX table identifies Storage locations of 

respective Sequence headers, 
wherein the indeX table identifies Storage locations of 

respective frame Start codes, 
wherein the index table identifies frame types; 
wherein the index table identifies times of when respec 

tive frames were Stored; 
wherein the related information identifies whether the 

Video Stream contains I-frames, 
wherein the related information comprises Packet identi 

fication codes (PIDs); 
wherein the plurality of Sequential undecoded dependent 

frames are determined based at least in part on a type 
of the video stream; 

wherein the plurality of times that the decoded frame is 
output is determined based at least in part on an output 
picture rate, 

wherein the plurality of times that the decoded frame is 
output is determined based at least in part on a Speed of 
the trick mode operation; 

wherein the plurality of times that the decoded frame is 
output is determined based at least in part on a ratio of 
P-frames to B-frames in the video stream; and 

wherein the plurality of times that the decoded frame is 
output is determined based at least in part on the 
plurality of Sequential undecoded dependent frames. 


